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Modern automatic transmission with electrohydraulic control can significantly improve the comfort of control reduce fuel consumption through the selection of the optimal control law of the gearshift. The tests have shown that the transmission parts are subjected to significant dynamic loads limiting their durability. In particular, the increased load is experienced by the metal-ceramic discs of the friction control units of the gearshift [1] .
Wear and deformation are typical causes of friction discs failure. However, it was noticed a new kind of failure -a disruption discs, which is observed in the developed transmissions as well as in designs world leader in the design and production of transmissions -Allison company (Fig. 1) . This phenomenon occurs when the torque converter operates in the mode of hydraulic coupling with a slight slip of the turbine wheel relative to the pump wheel. Engine and gears cannot create harmonics of such a high order. Therefore, the hypothesis of new dynamic phenomenon -excitation of resonant oscillations by a torque converter -was put forward.
The hypothesis about the failure of metal-ceramic discs due to the coincidence of their natural frequency with the frequency generated by the torque converter is based on the nature of the spectral density. In the pre-locking mode of the torque converter the spectral density graph has a pronounced amplitude surge. After locking of the torque converter bursts of amplitude are absent that is resonant modes are impossible (Fig. 2) . Current calculation methods of the friction control units allow to determine the heat release rate of metal-ceramic discs in the process of slipping, the maximum speed of their rotation on the condition of strength and durability. However, the actual operating modes differ significantly from the calculated ones.
To solve the problem of prediction of vibration loading of the metal-ceramic discs it is possible to use the approximate analytical dependence. The disc consists of a steel ring of rectangular cross section with the ring gear and a metal-ceramic friction linings which are welded to the steel ring through the adhesive layer. Analytically determine the natural frequency of the disc is quite difficult due to differences in physical and mechanical properties of materials. Therefore, we define the natural frequency of the steel ring with known geometric parameters.
The natural frequency of the ring is determined according to the wave theory [2] . Design of steel ring conforms to the main assumptions taken in studies of the circular rings. In this case, it is considered as a circular bar of bounded curvature with a constant crosssection (Fig. 3) .
There are two cases for bending vibrations of a circular ring: bending vibrations in the plane of the ring and bending vibrations, including both moving perpendicular to the plane of the ring and torsion. The process of oscillation of the ring can be described by a system of hyperbolic partial differential equations, which, when considering the oscillations of bending in the plane of the ring, with the exception of the coordinates, is reduced to a The solution of the equation is sought in the form of radial x1 and tangential x2 displacements
At the same time, an ordinary differential equation is obtained for the U2: 
According to the general rules for solving differential equations, it is necessary to find a general solution of the equation, including six constants, and subordinate it to the boundary conditions. The zero equality of the determinant of the system expressing the boundary conditions leads to the frequency equation.
For a ring, the boundary conditions are replaced by periodicity conditions that are satisfied if
Substituting (5), (6) in (4), we establish that the latter is satisfied with the same, if the frequency is ( )
where K an integer that determines the number of waves that fit the length of the ring, E is Young modulus, I is the moment of inertia of the ring about the axis x, b is the width of the cross section of the disc, h is the thickness of the disc, m0 is the weight of the ring, R is average radius of the ring.
In order to solve the problem of prediction of vibration loading of metal-ceramic discs with a high degree of accuracy and to obtain more reliable results it is advisable to use the finite element method [3] . This method is a numerical method for solving differential equations in physics and engineering problems [4] [5] [6] [7] .
The peculiarity of the method is that it requires cumbersome calculations even when solving very simple problems. However, due to the use of high-speed computers and modern software, calculations do not take much time and the results are quite accurate. One of these software is COSMOSWorks [8] .
In solving the problems of determining the natural frequencies and waveforms, there are limitations: damping, assembly kinematics and friction are ignored. As a result, it is impossible to obtain information about the state of the structure at the time of resonance. Displacements, deformations, stresses are not calculated. The reason is that all of these parameters theoretically have an infinite value. It is also necessary to carefully analyze problems with movable assemblies. They should be considered in two aspects: resonance of parts as isolated objects under idealized boundary conditions; resonance assembly and its functioning in this state. The frequencies of real mechanical systems are practically independent from the natural frequencies of parts in their calculation in the mode of dynamics.
However, even taking into account these limitations, the program allows you to solve the most urgent problem-to perform analysis of products and modify them to exclude from the range of unwanted natural frequencies and resonance.
The values of natural frequencies obtained in the calculation of a circular ring made of steel (E = 2.1·10
11 Pa, R = 0.146 m, b = 0.028 m, h = 0.001 m) are shown in Table 1 . Some form diagrams of natural oscillations are shown in Fig. 4 . The obtained results allow to conclude that the proposed method of calculation is reliable and can be used to determine the natural frequencies and oscillation forms of metalceramic disks. This makes it possible already at the design stage to select the optimal design of disks and to exclude from the spectrum of the oscillations the undesirable values of natural frequencies. Thus, it is possible to avoid the negative effect of the resonant modes on the durability of the elements of the transmission control system. This study was carried out with partial support under the state task IES UB RAS No. 0391-2014-007.
